The inuence of magnetic eld on the sound attenuation is investigated in ferromagnets. With the aid of the Nelson method we derive frequency-, magnetic eld-and temperature-dependent expression for the sound attenuation coecient near a critical point in the Ising-type system. The shift of the ultrasonic attenuation peak under the inuence of magnetic eld towards higher temperatures is discussed.
Introduction
Many aspects of sound attenuation above and below critical point have been discussed in the literature [1, 2] .
However, little attention has been paid so far to critical attenuation in the presence of the magnetic eld.
A notable exception are the mean-eld theory results [35] . The aim of this paper is to provide a dynamical matching formalism of the renormalization group which allows us to calculate the ultrasonic attenuation coecient α(t, ω, H) by means of the ϵ expansion not only in the asymptotic region H = 0 but also in the whole magnetic-eld range. We implement the method used in the calculation of the dynamic susceptibility in the ordered phase [6] for the evaluation of the sound attenuation coecient in an external magnetic eld but use a modied matching condition suitable for H ̸ = 0.
One of the best method for computation of the scaling functions is the method introduced by Nelson [7] for computation of the static correlation function above the critical temperature. It was a generalization of the renormalization group technique developed by Nelson and Rudnick [8] used to obtain the equation of state to rst order in ϵ = 4 − d as well as the scaling functions for the susceptibility, specic heat and etc. both in the ordered and disordered phase. Later this method was generalized by Achiam and Kosterlitz [9] to calculate the static momentum-dependent correlation function for arbitrary temperature and magnetic eld. Dengler et al. [10] were rst who generalized this method into dynamic correlation function in the disordered phase. In a recent paper Pawlak and Erdem [6] extended these results by obtaining (to rst order in ϵ) the expressions for the dynamic susceptibility and correlation function for nonconserved Ising order parameter both above and below the critical temperature in zero magnetic eld. Generalization of this method to nonzero elds will be used for calculation of the ultrasonic attenuation. * e-mail: pawlak@amu.edu.pl It is well known that in the absence of the magnetic eld, the critical behaviour of the sound attenuation coefcient is characterized by the scaling relations [2, 11, 12] .
, where f ± are the scaling functions above and below T C , y ± = ωτ and it is the analogue of the LandauKhalatnikov (LK) sound damping [3] . It is the only term which contributes to α(t, ω) in the mean-eld theory.
The sound attenuation coecient and velocity are strongly aected by an external magnetic eld [1, 2, 5] .
If the magnetic eld is applied along the easy axis of a ferromagnet, it was observed [1, 15] that the ultrasonic attenuation peak is shifted towards higher temperatures and can be located even at the temperatures much higher than T C . Our theory explains the magnetic eld dependence of ultrasonic attenuation. The shift of the attenuation peak is due to a competition between the uctuation term (which is the only one present in zero magnetic eld above T C ) and the LandauKhalatnikov term, which appears whenever a magnetization takes a non-zero value (so also for T > T C , H ̸ = 0). Only the MurataIro Schwabl regime is considered in this paper. (1185) 2. Model and the solutions of the recursion relations
We consider Ising-like (n = 1) continuous order parameter S with purely dissipative relaxational dynamicṡ
and longitudinal sound mode Q obeying the equation
with the GinzburgLandau Hamiltonian
and the Gaussian white noises obeying the Einstein rela-
The scaling relation for the ultrasonic attenuation coecient at the l-th stage of iteration is
where [7] in order to evaluate the two-point correlation function outside the critical region is replaced here
where we have xed u at its xed point value u c = ϵ/36K 4 and used the fact that in the ultrasonic experiments the wavelength is much longer than the correlation length so we may take the wavevector q = 0. The perturbation expansion for α(ω e
where
and A is a constant. It is a standard procedure [7, 9, 10] to include in the static self-energy of the spin propagators the Hartree bubble given by an integral over the exact correlation function. Since such diagram is independent of the external frequency the matching condition (7) does not prevent it from being infrared singular at τ = 0. It can be however identied with the energy at the l-th stage and its singularity can be exponentiated by a similar procedure but with ω-independent condition
which leads to following expression for E(l * ) [6, 9] :
where e L is expressed by τ (l * ) and M (l * ) from Eq. (9).
Magnetic eld dependence of the ultrasonic attenuation
The solutions of the matching conditions (7) and (9) are homogeneous functions of the form
We have rescaled the magnetization by dening m 2 = 8u c M 2 and then Eqs. (7) and (9) can be written as
In order to obtain the magnetic eld dependence of α(ω, τ, M ) we need the equation of state which is the solution of (14) and
where h is a reduced magnetic eld proportional to the module of the physical variable. In the critical point τ = 0 (s = 0) we have f (0) = 1 and on the coexistence curve (τ < 0) s = −1. Fig. 1 . Substitution of these results into Eqs. (6) and (8) gives our nal expression for the sound attenuation coecient
whereĝ 1 is a scaling function. Dening a proper reduced frequency y in terms of x and v it is possible to change variables to obtain
whereĝ 2 (v, y) is another scaling function. 
